Light sterile neutrino oscillations can be partially or completely washed out at short-baseline experiments due to the breaking of neutrino production coherence. In this work we address this issue in sterile searches at νSTORM, an experimental proposal for a beam of neutrinos from the decay of stored muons. We work with 3+1 and 3+2 models, the latter introducing CP violation at short-baselines. We find that decoherence effects are only relevant for sterile masses above ∆m 2 10 eV 2 , and that, even in that regime, we are able to place strong appearance bounds in such clean environments. In addition, the novel signatures of CP violation in the parameter space of interest can be identified with a significance of up to 3σ.
Introduction
The three neutrino paradigm is challenged by a few experimental anomalies at shortbaselines, prompting experimental efforts to search for light sterile neutrinos. In this work we evaluate the capabilities of νSTORM [1, 2] in bounding the activesterile mixing in models with one (3+1 model) and two (3+2 model) sterile neutrinos with ∆m 2 in the range of 10 −1 − 10 3 eV 2 . This mass range realises the interesting scenario where oscillations could occur at the far or already at the near detector. The large masses considered can also break the condition for the coherent production of neutrino mass eigenstates, a question we address via the wave-packet formalism of [3] . In addition, the 3+2 model allows for new CP violating phases to become relevant at short-baselines. The sensitivity of νSTORM to these novel CP violation signals for some of the 3+2 model parameter space is then evaluated.
Particularly important to this study is the fact that νSTORM offers an environment with low backgrounds and well-controlled systematics. The neutrino beam is obtained from the decay of 5 GeV pions and 3.8 GeV muons, where muons from pion decays are stored and circulate in a race-track like storage ring. Beam monitoring devices would then drastically lower flux normalisation uncertainties, providing ideal conditions to measure neutrino-nucleus cross sections in an energy range of interest to future long-baseline experiments [4] . Moreover, it allows appearance searches, for instance, to be made in a beam with very little contamination.
Short-Baseline Oscillations with Decoherence
The finite size of the neutrino source can break the coherence of the neutrino mass eigenstates at production, leading to suppressed oscillations [3] . These effects can be taken into account by summing the quantum mechanical amplitude for neutrino production coherently over the finite source. With the assumption of point-like parent particles this approach has been shown to be equivalent to the usual averaging of the probability over the decay pipeline [3] . Whilst in the plane-wave approximation the oscillation phase is given by I kj = exp −i∆m 2 kj L/2E , it can be shown that, ignoring the detector size, the coherent summation of the amplitude modifies it to
where ∆ = ∆m 2 kj L/2E, ∆ p = ∆m 2 kj p /2E and ξ = ∆m 2 kj dec /2E. The size of the production region is then dictated by the parent particle decay length dec and the pipeline length p . Note how the plane-wave expression is recovered when p vanishes.
The 3+1 oscillation in the short-baseline regime (taking ∆m 2 31 and ∆m 2 21 to zero) is effectively a two neutrino one and the appearance formula, for instance, reads
where stand for the real part. With two light steriles, the short-baseline oscillation is effectively a three neutrino one, allowing for CP violation effects to appear in an appearance channel. The interference terms carry the effective CP phase parametrized by η = arg (U * α5 U β5 U α4 U * β4 ). The 3+2 appearance probability is then
+2|U α4 U β4 U α5 U β5 | e iη 1 − I * 41 − I 51 + I 54 )) .
Experimental Sensitivities
In this section we discuss our simulation, and then present our results for ν e → ν µ appearance and ν µ and ν µ disappearance. We use GLoBES [5] and assume a 1.3 kt iron-scintillator far detector (FD) at 2 km, considered in [2] , and a 200 tonne version of the same detector at 50 m as a near detector (ND). These have been implemented via migration matrices [6] . In trying to be as comprehensive as possible in our simulation we use the full near and far detector datasets when performing our χ 2 analysis, i.e. χ . This allows us to avoid the near-to-far ratio approach and is necessary for large mass steriles, as their oscillations might impact the near detector. If that is the case, the oscillations are expected to be washed out due to the breaking of the localisation condition (δx S L osc , where δx S is the size of the source), leading to production decoherence. The first straight section of the ring where pions are injected and muons subsequently produced is assumed to be p = 180 m long, which determines the maximum size of the neutrino production region. Finally, for our systematics we include 0.5% flux normalisation uncertainties correlated between near and far detectors, and 0.5% for each detector specific uncertainties.
Bin dependent cross section times efficiency uncertainties are taken to be 20% with overall background normalisation uncertainties at the level of 35%.
We show our results for the 3+1 model using the phenomenological parameters sin 2θ αβ = 4|U α4 | 2 |U β4 | 2 in figure 1 . It highlights the interplay between the near and the far detectors. For low ∆m 2 the near detector is not affected by oscillations and can safely measure cross sections and the flux normalisation, whilst the far detector measures the oscillation parameters. The detector roles are swapped for larger ∆m 2 , however, where oscillations now are washed out at the far detector, but could occur at the near detector depending on how strong the decoherence effects are. These considerations have been explored in the literature before in the context of VLENF [7] and are pivotal here. Moreover, the appearance bounds are particularly interesting at large masses. In such a regime the ND, which benefits from high statistics, would be probing flavour transitions in the ν e → ν µ channel with very low backgrounds.
The results for the 3+2 model are shown in figure 2 for specific choices of the model parameters. Note that the presence of two oscillation frequencies spoils the independence of the near and far detectors. If ∆m 2 41 is in the O(1) eV 2 region and ∆m 2 51 is around O(10 2 ) eV 2 , then both near and far detectors are affected by oscillations (washed-out oscillations in the case of the ND) and the systematics cannot be safely measured at any detector. This effect is very relevant for disappearance, but not as much for appearance, which is mostly background limited. on the left, using a three times as large value on the right. In cyan we show the single polarity run and in purple the run with split polarities.
Conclusions
The low backgrounds and low systematics at a facility like νSTORM provide an ideal way to constrain the existence of light sterile neutrinos. We have shown that decoherence effects are small and that appearance bounds can be very robust, applying to sterile masses much above the few eV. A second light sterile neutrino can spoil the interplay between near and far detectors and weaken the disappearance bounds dramatically, but it reinforces the strength of appearance searches. Finally, the effective CP violation in the 3+2 model can be seen at νSTORM at more than 3σ for some parts of the parameter space if it is maximal.
